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1  | INTRODUC TION

Barley belongs to the Poaceae family, grown and consumed in Africa, 
Asia, semi- arid tropics, and also grown in Europe, America, and 
Australia (Erkan et al., 2006). The crop possesses health- promoting 

nutritional and functional properties (Cook, 2013; Idehen 
et al., 2017). The main components of barley are carbohydrates 
with low fat, protein, minerals, vitamins especially vitamin E, dietary 
fiber, and antioxidants predominantly polyphenols (Das et al., 2016). 
The nutritional constituents of barley consist of health- promoting 
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Abstract
The current investigation was performed to explore the nutritional and functional 
composition of four landlines of barley denoted as LB1 (Gilgit), LB2 (Nagar), LB3 
(Skardu), and LB4 (Shigar) from different regions of Gilgit- Baltistan. The samples were 
examined for nutritional profile and antioxidant attributes. Total phenolic values and 
total flavonoid results were in the range of 1.2 to 3.1 mg/g and 0.41 to 0.55 mg/g, re-
spectively. Nutritional profile as crude starch, fiber, protein, ash, and fat ranged from 
56.3%– 50.80%, 16.50%– 11.73%, 16.20%– 11.53%, 2.8%– 2.1%, and 2.63%– 1.63%, 
respectively. The mineral composition in terms of Mg (527– 616 mg/kg) was higher 
in the landlines followed by Ca (312– 368 mg/kg), Na (122.6– 146.6 mg/kg), Fe (43.3– 
65.6 mg/kg), and Zn (22.5– 26.6 mg/kg). It was concluded that the indigenous barley 
landlines had immense nutritional potential and functional attributes. Thus, it can be 
used for value- added food products and the development of cottage industry in the 
region.
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starch (65%– 68%), protein (10%– 17%), free lipids (2%– 3%), β- glucans 
(4%– 9%), and minerals content ranges from 1.5%– 2.5%, respec-
tively. Moreover, total dietary fiber varied from 11%– 34% among 
which, 3%– 20% is soluble dietary fiber (Guo et al., 2020; Izydorczyk 
et al., 2000). The cereal crop also contains nonstarch polysaccha-
rides which are β- glucan, arabinoxylans, and cellulose, which change 
the energy content of barley (Das et al., 2016).

Different types of phytochemicals including phenolic acids, fla-
vonoids, lignans, vitamin E, sterols, and folates have been reported 
in barley. These phytochemicals have health- promoting attributes 
such as improvement in reproduction, proper growth, and develop-
ment of the human body, and also protect the consumer from for-
eign pathogens, parasites, and predators (Dykes & Rooney, 2007; 
Lattanzio et al., 2006; Malik, 2012). Also, the cereal crop contains 
low lipid content with predominant fatty acids as palmitic, oleic, 
linoleic, and linoleic acid while a higher amount of linolenic acid is 
present in barely, as compared to wheat. Similarly, the cereal also 
contains a significant amount of fat- soluble vitamin E and vitamin B 
complex (Pitzer, 2009). Some major elements like phosphorus, po-
tassium, calcium, magnesium, sulfur, selenium, and sodium have also 
been detected in the grains (Das et al., 2016).

Nearly 65% of barley throughout the world is employed for ani-
mal feed formulations, 33% for malting application while only 2% is 
processed as a human diet (Sullivan et al., 2013). The main reason for 
less production is improper crop safety and its application as fodder 
(Naheed et al., 2015). However, the crop shows great adaptability 
and tolerance against the unfavorable environment; therefore, it is 
successfully grown even on high altitudes of the Himalayas and in 
the Arctic Circle region (Zhu, 2017). Worldwide annual production 
was recorded 144 million tons in 2014, and the countries regarding 
top production are Russia, France, Germany, Australia, and Ukraine 
(Giraldo et al., 2019). Nevertheless, like food, barley is common in 
those areas where the other cereals cannot be produced and used in 
breakfast, making bread, Asian noodles, bars, muffins, biscuits, and 
cookies and as soap thickener (Izydorczyk & Dexter, 2008; Kremer 
& Ben- Hammouda, 2009).

Barley was the staple food of Gilgit- Baltistan (GB) along with 
buckwheat, millets, and sorghum till the early sixties. However, with 
the advent of early wheat varieties, its cultivation and uses gradually 
declined. Therefore, the present study aimed to determine nutri-
tional and phytochemical composition among the local barley land-
lines grown at four different districts of Gilgit- Baltistan. The present 
study will provide baseline data for utilization of barley and develop-
ment of by- product for the local economy and nutritional security.

2  | MATERIAL AND METHODS

2.1 | Samples collection and preparation

The current study was conducted in the Advanced Instrumental 
Laboratory of Karakorum International University. The samples of 

dried barley LB1 (landline barley) Gilgit, LB2 (Nagar), LB3 (Skardu), and 
LB4 (Shigar) were collected from the farmers in different districts 
of Gilgit- Baltistan, Pakistan. The collected samples were cleaned 
manually for foreign residues and other impurities. After that, the 
samples were grounded in flour (Mesh size) with the grinding mill, 
and the final product (weight) was stored in polythene bags for fur-
ther analysis under ambient conditions.

2.2 | Free radical scavenging activity

The total antioxidant characteristics of all the samples were de-
tected by following DPPH (2, 2- diphenyl- l picryl hydrazyl) tech-
nique reported by (Mareček et al., 2017) with minor changes. In 
detail, DPPH solution was prepared and then followed by cover-
ing with aluminum foil and stored under refrigeration tempera-
ture for its further use. For antioxidant estimations, 5 g of each 
barley flour sample was homogenized and then extracted by 
using methanol (10 ml) for 48 hr. Further, in a volumetric flask 
(100 ml volume), 0.1 ml extract and 3.9 ml of DPPH solution hav-
ing 6 × 10– 5 mol/L concentration was mixed and then incubated 
at ambient temperature for 35 min. After the incubation time, the 
absorbance was calculated at 517 nm with UV spectrophotom-
eter. The antioxidant attributes were estimated by employing the 
expression as under:

2.3 | Total phenolic content

Total phenolic values were recorded by following the Folin– Ciocalteu 
procedure, as described by Shahzad et al. (2020) with minor modifi-
cations. Briefly, 5 g of the barley sample was first ground into pow-
der followed by homogenization and then extracted by using 10 ml 
methanol for 48 hr. Further, 1 ml (mg/ml) extract was mixed gently 
with 4.6 ml distilled water and 1 ml Folin– Ciocalteu (1N). After 3 min, 
3 ml sodium carbonate (2%) was mixed into the mixture and stand it 
for 2 hr. Finally, the absorbance was recorded at 760 nm by using a 
UV spectrophotometer.

2.4 | Total flavonoid content

The total flavonoid values of the barley samples were tested by ac-
cording the method described by Manzoor et al. (2019) with minor 
modification. 1 ml of the samples extract (1 mg/ml) was taken and 
mixed with 4ml distilled water. Further, 0.3 ml AlCl3 (10%) and 2ml 
of the NaOH (1N) were also poured into the reaction flask. Again, 
2.7 ml of distilled water was added, agitated well, and then, absorb-
ance was recorded at 510 nm. Various concentrations of quercetin 
were employed as an internal standard.

Inhibition (% ) =
Blank absorbance − sample absorbance

Blank absorbance
× 100.
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2.5 | Nutritional composition

2.5.1 | Moisture

The moisture content of barley flour was examined by using the pro-
tocol set by AACC (2000) Method No. 44– 15.02. In detail, 5 g flour 
was first placed in a petri dish and put in an oven having 105 ± 5°C 
temperature under vacuum, till a constant weight of the dried sam-
ple was achieved. The moisture results were recorded by using the 
formula as under:

2.5.2 | Crude starch

The crude starch was measured according to the procedure given by 
Ahmed et al. (2014) by weighing 2 g of barley flour and boiling it with 
calcium chloride solution in a fuiopopen beaker, stirring it continu-
ously with adding water to maintain the liquid level. After 30 min, it 
was cooled to room temperature and added 10 ml of stannic chloride 
solution. Then, filter it through Whatman filter paper, and angular 
rotation was measured using a 100 mm polarimeter tube, and starch 
was calculated according to the following formula:

2.5.3 | Crude fiber

The crude fiber for samples was analyzed by following the protocol 
proposed by AACC (2000) Method No. 32– 10.01. Briefly, 3 g fat- 
free barley flour was first digested with H2SO4 (1.25%) followed by 
washing with distilled water, and filtration was performed. Another 
digestion was done with 1.25% NaOH solution washed with distilled 
water followed by filtration. Further, ignition of the sample residue 
was performed. It was done by keeping the digested samples in a 
muffle furnace at 550– 650°C for 3– 5 hr. Finally, gray or white ash 
was acquired for crude fiber analysis. The crude fiber was estimated 
by employing the expression as under:

2.5.4 | Crude protein

For crude protein analysis, the Kjeldahl method was followed, set 
by AACC (2000) Method No. 406– 10.01. In detail, 5g sample was 
first placed in digestion tube along with 20 ml H2SO4 (98% pure) 
and 2 digestion tablets as a catalyst. The digestion was continued 
for 3– 4 hr till the sample appears transparent. Then, the digested 

samples' temperature was reduced to room temperature and 
50 ml volume makeup was done by dilution with water. Moreover, 
the ammonia trapped in H2SO4 was removed by addition of NaOH 
(40%) solution using distillation and collected in a flask having 
boric acid (4%) solution, methyl red indicator, and titrated against 
standard N2SO4 (0.1 N) solution. The crude protein results were 
recorded by the multiplication of nitrogen (%) with a conversion 
factor of 5.57.

2.5.5 | Crude fat

For crude fat determination, dried samples were processed in the 
soxhlet method. In which, continuous refluxing was done by using 
petroleum ether as solvent as reported by AACC (2000) Method No. 
30– 10.01. In detail, a 3 g sample was weighed and dried in an oven 
till constant weight. The dried sample was then wrapped in filter 
paper and put in soxhlet apparatus and 5 to 6- time washings were 
given with petroleum ether as extraction solvent. The solvent was 
evaporated after extraction, and fat content was determined by em-
ploying the formula mentioned below.

2.5.6 | Crude ash

For Ash content analysis, AOAC (2006) Method No.923.03 was fol-
lowed. Firstly, ignited the empty crucibles at 550°C, weighed and, 
then, cooled in a desiccator to room temperature.

Then, took a 2 g homogeneous sample in a crucible and placed 
it in a muffle furnace at 660°C until light gray mass was achieved. 
Finally, the crucibles were removed from the furnace and allowed to 
cool down in a desiccator. Calculate the weight of ash along with the 
crucible and calculate the net weight. Ash content was recorded by 
using the formula as under;

whereas; W1 = crucible weight; W2 = sample weight; W3 = sample 
weight after ashing.

2.6 | Mineral contents

The mineral content of the barley flour was ascertained by employ-
ing the wet digestion method proposed by AOAC (2006). For which, 
0.5 g premixed sample was first digested at 60– 70°C, by using HNO3 

Moisture (%)=

Weight of original flour sample -Weight of dried flour sample

Weight of original flour sample
×100.

Crude Fiber (% ) =
Weight of residue left −Weight of ash

Weight of sample
× 100.

Nitrogen (%)=

The volume of 0.1NH2SO4×Volume ofdilution

The volume of distillate taken×Weight of sample
×100.

Crude Protein (% ) = Nitrogen (% ) × 6.25.

Crude Fat (% ) =
Weight of fat in the sample

weight of sample
× 100.

Ash (% ) =
W3 −W1

W2
× 100.

Starch%(d. b) =
Angular Rotation x 100
weight of sample d. s %

d.s. 203 x 2dm ----------------------- x ------------------

100 mL                                      100
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(10 ml) in a conical flask for 20 min on a hot plate. Then, rediges-
tion was performed at 190°C by employing 5 ml HClO4 (60%) until 
the flask appeared transparent. Further, the digested samples were 
poured into the volumetric flasks (100 ml volume), and then, the vol-
ume was adjusted with double distilled water followed by filtration 
The filtered solution was investigated by using atomic absorption 
spectrophotometer (AA 240 Varian, Australia). Standards of known 
concentrations were first to run for each mineral, and a standard 
curve was plotted. The mineral contents of the samples were cal-
culated by employing the respective standard curve prepared 
for each element. All samples were tested for sodium, potassium, 
calcium, and iron content with a flame photometer and atomic ab-
sorption spectrophotometer (Sherwood Flame Photometer 410), as 
described by AOAC (2006).

2.7 | Statistical analysis

All measurements were carried out in triplicates, and it was analyzed 
with the help of statistics 8.1 (Tallahassee FL 32,317, USA). One- 
way analysis of variance (ANOVA) was applied in factorial design at 
p <.05 choose as significant.

3  | RESULTS AND DISCUSSION

3.1 | Antioxidant activity of landline barley samples

The DPPH radical scavenging activity of landline barleys from dif-
ferent districts is presented in Table 1. The findings depict that the 
antioxidant activity of LB2 was significantly higher as compared to 
other landline barley samples (p <.05). The DPPH radical scavenging 
ability was observed highest in LB2 (60.3%) followed by LB3 (56.3%), 
LB1 (55.6%), and LB4 (50.3%). However, no significant difference 
between LB1 and LB3 (p <.05). Our results were in line with the 
findings of (Shen et al., 2018). In that study, highland barley variety 
Zangqing 2000 had 67.53% of bound DPPH radical scavenging abil-
ity, higher than other Xinhua and Shangri- la varieties. Variation in 
antioxidant activity and concentration of polyphenols in barley vary 
according to varieties, growth location, environmental factors, and 
years of growth (Abdel- Aal et al., 2012; Lahouar et al., 2014; Narwal 
et al., 2016).

3.2 | Total phenolic and flavonoids components of 
barley samples

The total phenolic contents of landline barley samples from different 
districts are presented in Table 1. The findings for the tested param-
eters from different districts were significantly different from each 
other (p <.05). The total flavonoid content was estimated highest in LB2 
(3.1 mg/g) followed by LB3 (2.9 mg/g), LB1 (1.9 mg/g), and LB4 (1.2 mg/g). 
The findings of the current study were quite similar to the study con-
ducted by Abidi et al.(2015), which reported 47– 123 mg CE/100 g. 
Similarly, our findings were slightly higher than those of Bellucci 
et al. (2013), calculated as 26.9 mg/100g in Dutch barley. The quantity 
and quality of polyphenols may be affected by some factors such as 
plant genetics and cultivar, soil type, growing methods, maturity stage, 
and postharvest management (Taranto et al., 2017). Flavonoid content 
in barley changes according to variety; white, blue, and purple kernels 
have a high concentration of flavonoid among others (Liu et al., 2013).

The results about total flavonoid contents (TFC) among differ-
ent landlines are depicted in Table 1. The obtained results revealed 
that the investigated parameter in LB2 was significantly higher than 
other barley samples from other districts. The highest total flavo-
noid contents were determined in LB2 as 0.55 mg/g while the lowest 
total flavonoid contents were recorded in LB1 (0.42 mg/g). However, 
no significant difference between LB3 and LB4 was observed. Our 
outcomes were in agreement with Lahouar et al. (2014), they re-
ported results ranging from 195.02 to 220.11 mg gallic acid equiva-
lent/100g fresh weight.

Moreover, the results obtained by Yang et al. (2018) in various 
highland barley varieties varied from 336.29– 453.94 mg/100g, 
slightly higher than our results, whereas slightly lower outcomes 
(70– 195 mg GAE/ 100 g) than our results were recorded by Abidi 
(2015), the difference in these results might be due to the variation 
in varieties, cultivation methods, environmental conditions, and also 
depends on solvents used during extraction (Abdel- Aal et al., 2012).

3.3 | 3 Nutritional composition

The chemical composition of landline barley samples in different 
districts is depicted in Table 2. Findings for the moisture content 
were significantly higher in the LB4 (10.93%) than in other samples 
(p <.05). However, no significant difference between LB1, LB2, and 

TA B L E  1   Phytochemical composition of different barely landlines

Phytochemical content

Landlines

LB1 LB2 LB3 LB4

Free radical scavenging activity (%) 55.6 ± 3.74b 60.3 ± 2.58a 56.3 ± 3.55ab 50.3 ± 1.52c

Total phenolic content (mg/g) 1.9 ± 0.70c 3.1 ± 0.16a 2.9 ± 0.95b 1.2 ± 0.10d

Total flavonoid content (mg/g) 0.41 ± 0.02c 0.55 ± 0.01a 0.48 ± 0.02b 0.47 ± 0.02b

Note: The values are average of three replications ± SD (standard deviation). Means with different letters are significantly different from each other at 
p < .05.
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LB3 was recorded. Our moisture results are in line with the results 
(7.34%– 16.82%) reported by Tavakoli et al. (2010), in barley grains 
while Bader Ul Ain et al. (2018) calculated the parameter in barely 
from 10.2%– 11.4%. These differences might be due to a variety of 
differences, storage conditions, geological change, and water holding 
capacity.

Moreover, the results regarding ash content showed significant 
differences (p <.05) among the tested samples. The highest ash 
content was analyzed in LB2 (2.86%) followed by LB4 (2.70%), LB3 
(2.43%), and LB1 (2.1%), whereas the minimum value was recorded 
in LB1 to be 2.1%. These findings were closely related to the results 
of Brennan and Cleary (2005). They assessed total ash content in 
whole grain barley ranging 1.5%– 2.5%. Furthermore, our findings 
were also in line with a study conducted by Quinde- Axtell and 
Baik (2006). They determined ash content as 2%– 3% in the barley 
samples.

The crude fat content for LB4 was significantly lower than other 
samples. However, there was no significant difference between LB1, 
LB2, and LB3 samples were recorded. Our findings were closely re-
lated to Brennan and Cleary (2005), who reported 2%– 3% total lipids 
in barley, whereas Quinde- Axtell and Baik (2006) detected slightly 
lower results than our findings.

Also, the crude protein test showed a significant difference 
among all samples. The highest crude protein was analyzed in 
the LB4 (16.20%) followed by LB1 (14.83), LB3 (13.70), and LB2 
(11.53) (p <.05). Brennan and Cleary (2005) studies revealed that 
the protein content in the barley samples fluctuated from 10%– 
17%. In another study, Suriano et al. (2018) found that the total 

protein content was 12.75%, similar to our results. The crude 
fiber content in the LB2 (16.50%) was significantly higher than all 
other barley samples (p <.05), whereas no significant difference 
between LB1 and LB4 samples was also detected. Also, Quinde- 
Axtell and Baik (2006) determined total dietary fiber in barley 
varieties varied from 11%– 34%, the results were in agreement 
with our study.

The results regarding crude starch showed a significant dif-
ference among landlines Barley samples collected from different 
districts (p < .05). The crude starch content in the LB2 delivered 
maximum value (56.3%) followed by LB3 (53.7%), LB1 (52.3%), and 
LB4 (50.8%). These changes might be due to genetic differences 
and cultivar (Wozniak et al., 2014). The nutritional composition of 
cereal grains might be affected by the environmental conditions 
under they grow and many studies have shown differences in con-
centration of fat, protein, and β- glucan content in oat and barley 
grown under different environment (Redaelli et al., 2013). Moreover, 
Ping et al. (2013) also reported that the total starch content among 
112 Chinese varieties varied from 45.7% to 66.4%. Similarly, Asare 
et al. (2011) found that the starch content in 10 Canadian barley gen-
otypes ranged from 58.1% to 72.2%. The difference in compositional 
attributes might be due to environmental conditions like rainfall, 
temperature, soil type, fertility, and genetic factors (Quinde- Axtell & 
Baik, 2006; Rodehutscord et al., 2016). According to Rodehutscord 
et al. (2016), the chemical composition and physical features of ce-
reals vary with fluctuation in environmental conditions like rainfall, 
temperature, soil type, fertility, and genetic factors. Quinde- Axtell 
and Baik (2006) have also similar views that nutritional parameters in 

Chemical 
composition (%)

Landlines

LB1 LB2 LB3 LB4

Moisture 9.1 ± 1.01b 8.46 ± 0.89b 8.73 ± 0.92b 10.93 ± 1.00a

Ash 2.1 ± 0.10d 2.86 ± 0.05a 2.43 ± 0.05c 2.70 ± 0.10b

Crude fat 2.23 ± 0.20a 2.63 ± 0.20a 2.26 ± 0.25a 1.63 ± 0.25b

Crude protein 14.83 ± 0.14b 11.53 ± 0.14d 13.70 ± 0.49c 16.20 ± 0.07a

Crude Fiber 12.60 ± 0.52c 16.50 ± 0.62a 14 ± 0.43b 11.73 ± 0.70c

Crude Starch 52.30 ± 0.65bc 56.30 ± 0.81a 53.70 ± 0.98b 50.80 ± 1.37c

Note: The values are average of three replications ± SD (standard deviation). Means with different 
letters are significantly different from each other at p < .05.

TA B L E  2   Chemical composition of 
different barley landlines

Mineral 
Composition (mg/
kg)

Landlines

LB1 LB2 LB3 LB4

Sodium (Na) 122.6 ± 3.05c 146.6 ± 2.08a 136.3 ± 4.04b 142.6 ± 2.51a

Calcium (Ca) 368 ± 1.73a 312 ± 1.00d 327 ± 2.00c 359.6 ± 2.08b

Magnesium (Mg) 599.6 ± 3.05c 618.6 ± 3.05a 609.3 ± 3.05b 527 ± 3.00d

Iron (Fe) 65.6 ± 1.52a 53.6 ± 1.15b 51.3 ± 2.51b 43.3 ± 2.88c

Zinc (Zn) 25.1 ± 0.84ab 22.9 ± 1.65b 22.5 ± 2.29b 26.5 ± 1.50a

Note: The values are average of three replications ± SD (standard deviation). Means with different 
letters are significantly different from each other at p <.05.

TA B L E  3   Mineral composition of 
different barely landlines
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barley may change according to environmental conditions and other 
factors.

3.4 | Mineral composition

The mineral composition among different barley landlines is pre-
sented in Table 3. The results presented that Na content in the LB2 
(146.6 mg/kg) and LB4 (142.6 mg/kg) was significantly higher than 
those of LB2 and LB4 (p < .05), whereas the Ca content in the LB1 
(368 mg/kg) was significantly higher than in other samples (p < .05). 
The Mg content in the LB2 (618.6 mg/kg) was significantly higher 
than all other samples collected from other districts (p < .05). The Fe 
content was notably higher in LB1 (65.6 mg/kg) as compared to other 
landline samples collected from different districts (p < .05). The Zn 
content in the LB4 (26.5 mg/kg) was significantly higher than those 
of LB2 and LB3 (p < .05), whereas there was no significant difference 
among LB1, LB2, and LB3.

Additionally, Na content in barley samples varied from 56– 
285 mg/kg was reported by Yan et al. (2016), and the results are in 
line with our study findings. Whereas slight lower results for differ-
ent mineral elements (as compared to our results) was determined 
by Šterna et al. (2015), estimating Na fluctuated from 18.1– 20.8 mg/
kg, Mg content ranging from 1,123.7 to 1,210 mg/kg, and Ca values 
differed from 309.33 to 353 mg/kg.

Similarly, Yan et al. (2016) found that the Fe content in differ-
ent barley samples ranged from 39.5– 235.5 mg/kg, whereas Ma 
et al. (2004) revealed that the Fe content varied 40– 60 mg/kg among 
different varieties of barley. The variations in the mineral compo-
sition may be due to environmental changes, landlines, or other 
factors. Furthermore, MALEKI et al. (2011) demonstrated that the 
mineral composition of barley grain can be varied according to envi-
ronmental conditions and fertilizing system. Similarly, Rodehutscord 
et al. (2016) stated that environmental conditions like rainfall, tem-
perature, soil fertility, and genetic makeup influence the nutritional 
composition and physical features of cereals.

4  | CONCLUSION

The current study demonstrated that the local barley landline is a 
good source of nutrition as well as functional properties with good 
antioxidant activity. Thus, it is suggested that the crop should be an 
essential part of our diet and also used for making value- added prod-
ucts. The current study further provides baseline data for future re-
search in the food and pharmaceutical aspects of barley landlines.

ACKNOWLEDG MENTS
The authors are thankful to Karakorum International University, 
Pakistan, for providing funding through a university research grant.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

ORCID
Muhammad Faisal Manzoor  https://orcid.
org/0000-0002-3705-0277 
Abid Hussain  https://orcid.org/0000-0002-7055-9235 
Emad Karrar  https://orcid.org/0000-0001-5430-4083 

R E FE R E N C E S
AACC (2000). Approved methods of the American association of cereal 

chemists, Vol. (1). Amer Assn of Cereal Chemists.
Abdel- Aal, E. S. M., Choo, T. M., Dhillon, S., & Rabalski, I. (2012). Free 

and bound phenolic acids and total phenolics in black, blue, and yel-
low barley and their contribution to free radical scavenging capacity. 
Cereal Chemistry, 89(4), 198– 204. https://doi.org/10.1094/CCHEM 
- 10- 11- 0116

Abidi, I., Mansouri, S., Radhouane, L., Ksouri, R., Felah, M., & Bouzid, S. 
(2015). Phenolic, flavonoid and tannin contents of Tunisian barley 
landraces. International Journal of Agriculture Innovations Research, 
3(5), 1417– 1423.

Ahmed, K., Shoaib, M., Akhtar, M. N., & Iqbal, Z. (2014). Chemical analysis 
of different cereals to access nutritional components vital for human 
health. International Journal of Chemical and Biochemical Sciences, 6, 
61– 67.

AOAC (2006). Official methods of analysis. Association of official ana-
lytical chemists.

Asare, E. K., Jaiswal, S., Maley, J., Båga, M., Sammynaiken, R., Rossnagel, 
B. G., & Chibbar, R. N. (2011). Barley grain constituents, starch com-
position, and structure affect starch in vitro enzymatic hydrolysis. 
Journal of Agricultural and Food Chemistry, 59(9), 4743– 4754. https://
doi.org/10.1021/jf200 054e

Bader Ul Ain, H., Saeed, F., Ahmad, N., Imran, A., Niaz, B., Afzaal, M., 
… & Javed, A. (2018). Functional and health- endorsing properties of 
wheat and barley cell wall’s non- starch polysaccharides. International 
Journal of Food Properties, 21(1), 1463– 1480.

Bellucci, E., Bitocchi, E., Rau, D., Nanni, L., Ferradini, N., Giardini, A., 
Rodriguez, M., Attene, G., & Papa, R. (2013). Population structure 
of barley landrace populations and gene- flow with modern va-
rieties. PLoS One, 8(12), e83891. https://doi.org/10.1371/journ 
al.pone.0083891

Brennan, C. S., & Cleary, L. J. (2005). The potential use of cereal (1→ 3, 
1→ 4)- β- D- glucans as functional food ingredients. Journal of Cereal 
Science, 42(1), 1– 13. https://doi.org/10.1016/j.jcs.2005.01.002

Cook, A. H. (2013). Barley and malt: Biology, biochemistry, technology. 
Elsevier.

Das, R., Biswas, S., & Banerjee, E. R. (2016). Nutraceutical- prophylactic and 
therapeutic role of functional food in health. Journal of Nutrition & Food 
Sciences, 6(527), 2. https://doi.org/10.4172/2155- 9600.1000527

Dykes, L., & Rooney, L. (2007). Phenolic compounds in cereal grains and 
their health benefits. Cereal Foods World, 52(3), 105– 111. https://doi.
org/10.1094/CFW- 52- 3- 0105

Erkan, H., Çelik, S., Bilgi, B., & Köksel, H. (2006). A new approach for the 
utilization of barley in food products: Barley tarhana. Food Chemistry, 
97(1), 12– 18. https://doi.org/10.1016/j.foodc hem.2005.03.018

Giraldo, P., Benavente, E., Manzano- Agugliaro, F., & Gimenez, E. (2019). 
Worldwide research trends on wheat and barley: A bibliometric 
comparative analysis. Agronomy, 9(7), 352. https://doi.org/10.3390/
agron omy90 70352

Guo, T., Horvath, C., Chen, L., Chen, J., & Zheng, B. (2020). Understanding 
the nutrient composition and nutritional functions of highland barley 
(Qingke): A review. Trends in Food Science & Technology, 103, 109– 117. 
https://doi.org/10.1016/j.tifs.2020.07.011

Idehen, E., Tang, Y., & Sang, S. (2017). Bioactive phytochemicals in bar-
ley. Journal of Food and Drug Analysis, 25(1), 148– 161. https://doi.
org/10.1016/j.jfda.2016.08.002

https://orcid.org/0000-0002-3705-0277
https://orcid.org/0000-0002-3705-0277
https://orcid.org/0000-0002-3705-0277
https://orcid.org/0000-0002-7055-9235
https://orcid.org/0000-0002-7055-9235
https://orcid.org/0000-0001-5430-4083
https://orcid.org/0000-0001-5430-4083
https://doi.org/10.1094/CCHEM-10-11-0116
https://doi.org/10.1094/CCHEM-10-11-0116
https://doi.org/10.1021/jf200054e
https://doi.org/10.1021/jf200054e
https://doi.org/10.1371/journal.pone.0083891
https://doi.org/10.1371/journal.pone.0083891
https://doi.org/10.1016/j.jcs.2005.01.002
https://doi.org/10.4172/2155-9600.1000527
https://doi.org/10.1094/CFW-52-3-0105
https://doi.org/10.1094/CFW-52-3-0105
https://doi.org/10.1016/j.foodchem.2005.03.018
https://doi.org/10.3390/agronomy9070352
https://doi.org/10.3390/agronomy9070352
https://doi.org/10.1016/j.tifs.2020.07.011
https://doi.org/10.1016/j.jfda.2016.08.002
https://doi.org/10.1016/j.jfda.2016.08.002


     |  2611HUSSAIN et Al.

Izydorczyk, M., & Dexter, J. (2008). Barley β- glucans and arabinoxylans: 
Molecular structure, physicochemical properties, and uses in food 
products– a Review. Food Research International, 41(9), 850– 868. 
https://doi.org/10.1016/j.foodr es.2008.04.001

Izydorczyk, M., Storsley, J., Labossiere, D., MacGregor, A., & Rossnagel, 
B. (2000). Variation in total and soluble β- glucan content in hulless 
barley: Effects of thermal, physical, and enzymic treatments. Journal 
of Agricultural and Food Chemistry, 48(4), 982– 989.

Kremer, R. J., & Ben- Hammouda, M. (2009). Allelopathic Plants. 19. 
Barley (Hordeum vulgare L). Allelopathy Journal, 24(2), 225– 242

Lahouar, L., El Arem, A., Ghrairi, F., Chahdoura, H., Salem, H. B., El Felah, 
M., & Achour, L. (2014). Phytochemical content and antioxidant prop-
erties of diverse varieties of whole barley (Hordeum vulgare L.) grown 
in Tunisia. Food Chemistry, 145, 578– 583. https://doi.org/10.1016/j.
foodc hem.2013.08.102

Lattanzio, V., Lattanzio, V. M., & Cardinali, A. (2006). Role of phenolics 
in the resistance mechanisms of plants against fungal pathogens and 
insects. Phytochemistry: Advances in Research, 661(2), 23– 67.

Liu, Z., Liu, Y., Pu, Z., Wang, J., Zheng, Y., Li, Y., & Wei, Y. (2013). 
Regulation, evolution, and functionality of flavonoids in cereal crops. 
Biotechnology Letters, 35(11), 1765– 1780. https://doi.org/10.1007/
s1052 9- 013- 1277- 4

Ma, J. F., Higashitani, A., Sato, K., & Takeda, K. (2004). Genotypic vari-
ation in Fe concentration of barley grain. Soil Science and Plant 
Nutrition, 50(7), 1115– 1117. https://doi.org/10.1080/00380 
768.2004.10408583

Maleki, F. S., Chaichi, M., Mazaheri, D., Tavakkol, A. R., & Savaghebi, G. 
(2011). Barley grain mineral analysis as affected by different fertiliz-
ing systems and by drought stress.

Malik, A. H. (2012). Governing grain protein concentration and composi-
tion in wheat and barley, (Vol. 2012). Acta universitatis agriculturae 
Sueciae.

Manzoor, M. F., Zeng, X.- A., Rahaman, A., Siddeeg, A., Aadil, R. M., 
Ahmed, Z., Li, J., & Niu, D. (2019). Combined impact of pulsed elec-
tric field and ultrasound on bioactive compounds and FT- IR analysis 
of almond extract. Journal of Food Science Technology, 56(5), 2355– 
2364. https://doi.org/10.1007/s1319 7- 019- 03627 - 7

Mareček, V., Mikyška, A., Hampel, D., Čejka, P., Neuwirthová, J., 
Malachová, A., & Cerkal, R. (2017). ABTS and DPPH methods as a tool 
for studying antioxidant capacity of spring barley and malt. Journal of 
Cereal Science, 73, 40– 45. https://doi.org/10.1016/j.jcs.2016.11.004

Naheed, S., Raza, I., Anwar, M. Z., Habib, N., Zahra, N., & Siddiqui, S. 
(2015). Forecasting area and production of barley in Punjab, Pakistan. 
Pakistan Journal of Agricultural Research, 28(3).

Narwal, S., Kumar, D., & Verma, R. P. S. (2016). Effect of genotype, en-
vironment and malting on the antioxidant activity and phenolic 
content of I ndian barley. Journal of Food Biochemistry, 40(1), 91– 99. 
https://doi.org/10.1111/jfbc.12198

Ping, H., Wang, J., & Ren, G. (2013). Prediction of the total starch and am-
ylose content in barley using near- infrared reflectance spectroscopy. 
Intelligent Automation & Soft Computing, 19(3), 231– 237. https://doi.
org/10.1080/10798 587.2013.823719

Pitzer, S. (2009). Homegrown whole grains: Grow, harvest & cook your own 
wheat, barley, oats, rice, corn & more. Storey Publishing.

Quinde- Axtell, Z., & Baik, B.- K. (2006). Phenolic compounds of barley 
grain and their implication in food product discoloration. Journal 
of Agricultural and Food Chemistry, 54(26), 9978– 9984. https://doi.
org/10.1021/jf060 974w

Redaelli, R., Del Frate, V., Bellato, S., Terracciano, G., Ciccoritti, R., 
Germeier, C. U., De Stefanis, E., & Sgrulletta, D. (2013). Genetic and 
environmental variability in total and soluble β- glucan in European 

oat genotypes. Journal of Cereal Science, 57(2), 193– 199. https://doi.
org/10.1016/j.jcs.2012.09.003

Rodehutscord, M., Rückert, C., Maurer, H. P., Schenkel, H., Schipprack, 
W., Bach Knudsen, K. E., Schollenberger, M., Laux, M., Eklund, M., 
Siegert, W., & Mosenthin, R. (2016). Variation in chemical compo-
sition and physical characteristics of cereal grains from different 
genotypes. Archives of Animal Nutrition, 70(2), 87– 107. https://doi.
org/10.1080/17450 39X.2015.1133111

Shahzad, M. A., Ahmad, N., Ismail, T., Manzoor, M. F., Ismail, A., Ahmed, 
N., & Akhtar, S. (2020). Nutritional composition and quality char-
acterization of lotus (Nelumbo nucifera Gaertn.) seed flour supple-
mented cookies. Journal of Food Measurement Characterization, 15, 
181– 188.

Shen, Y., Hu, C., Zhang, H., & Jiang, H. (2018). Characteristics of three 
typical Chinese highland barley varieties: Phenolic compounds and 
antioxidant activities. Journal of Food Biochemistry, 42(2), e12488. 
https://doi.org/10.1111/jfbc.12488

Šterna, V., Zute, S., & Jākobsone, I. (2015). Grain composition and func-
tional ingredients of barley varieties created in latvia. Proceedings 
of the Latvian Academy of Sciences. Section B. Natural, Exact, and 
Applied Sciences, 69(4), 158– 162. https://doi.org/10.1515/prola 
s- 2015- 0023

Sullivan, P., Arendt, E., & Gallagher, E. (2013). The increasing use of barley 
and barley by- products in the production of healthier baked goods. 
Trends in Food Science & Technology, 29(2), 124– 134. https://doi.
org/10.1016/j.tifs.2012.10.005

Suriano, S., Iannucci, A., Codianni, P., Fares, C., Russo, M., Pecchioni, N., 
Marciello, U., & Savino, M. (2018). Phenolic acids profile, nutritional 
and phytochemical compounds, antioxidant properties in colored 
barley grown in southern Italy. Food Research International, 113, 221– 
233. https://doi.org/10.1016/j.foodr es.2018.06.072

Taranto, F., Pasqualone, A., Mangini, G., Tripodi, P., Miazzi, M. M., 
Pavan, S., & Montemurro, C. (2017). Polyphenol oxidases in crops: 
Biochemical, physiological and genetic aspects. International Journal 
of Molecular Sciences, 18(2), 377. https://doi.org/10.3390/ijms1 
8020377

Tavakoli, M., Tavakoli, H., Rajabipour, A., Ahmadi, H., & Gharib- Zahedi, 
S. M. T. (2010). Moisture- dependent physical properties of barley 
grains. International Journal of Agricultural Biological Engineering, 2(4), 
84– 91.

Wozniak, A., Soroka, M., Stepniowska, A., & Makarski, B. (2014). Chemical 
composition of spring barley (Hordeum vulgare L.) grain cultivated in 
various tillage systems. Journal of Elementology, 19(2), 597–606

Yan, W.- W., Nie, S.- P., & Li, Y.- J. (2016). Mineral analysis of hulless barley 
grown in different areas and its β- glucan concentrates. Cogent Food 
& Agriculture, 2(1), 1186139.

Yang, X.- J., Dang, B., & Fan, M.- T. (2018). Free and bound phenolic com-
pound content and antioxidant activity of different cultivated blue 
highland barley varieties from the Qinghai- Tibet Plateau. Molecules, 
23(4), 879. https://doi.org/10.3390/molec ules2 3040879

Zhu, F. (2017). Barley starch: Composition, structure, properties, and 
modifications. Comprehensive Reviews in Food Science and Food Safety, 
16(4), 558– 579. https://doi.org/10.1111/1541- 4337.12265

How to cite this article: Hussain A, Ali S, Hussain A, et al. 
Compositional profile of barley landlines grown in different 
regions of Gilgit- Baltistan. Food Sci Nutr. 2021;9:2605– 2611. 
https://doi.org/10.1002/fsn3.2215

https://doi.org/10.1016/j.foodres.2008.04.001
https://doi.org/10.1016/j.foodchem.2013.08.102
https://doi.org/10.1016/j.foodchem.2013.08.102
https://doi.org/10.1007/s10529-013-1277-4
https://doi.org/10.1007/s10529-013-1277-4
https://doi.org/10.1080/00380768.2004.10408583
https://doi.org/10.1080/00380768.2004.10408583
https://doi.org/10.1007/s13197-019-03627-7
https://doi.org/10.1016/j.jcs.2016.11.004
https://doi.org/10.1111/jfbc.12198
https://doi.org/10.1080/10798587.2013.823719
https://doi.org/10.1080/10798587.2013.823719
https://doi.org/10.1021/jf060974w
https://doi.org/10.1021/jf060974w
https://doi.org/10.1016/j.jcs.2012.09.003
https://doi.org/10.1016/j.jcs.2012.09.003
https://doi.org/10.1080/1745039X.2015.1133111
https://doi.org/10.1080/1745039X.2015.1133111
https://doi.org/10.1111/jfbc.12488
https://doi.org/10.1515/prolas-2015-0023
https://doi.org/10.1515/prolas-2015-0023
https://doi.org/10.1016/j.tifs.2012.10.005
https://doi.org/10.1016/j.tifs.2012.10.005
https://doi.org/10.1016/j.foodres.2018.06.072
https://doi.org/10.3390/ijms18020377
https://doi.org/10.3390/ijms18020377
https://doi.org/10.3390/molecules23040879
https://doi.org/10.1111/1541-4337.12265
https://doi.org/10.1002/fsn3.2215

